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H3yneHa CTpyKTypa nonynauHH reMOUHTOB cBepnxa Gryllus bimaculatus. OnncaHa TOHxaa Mop- 
(fJOJiorHa ochobhmx THnoB reMOUHTOB, xapaKTepHbix una npaMoxpbuibix: nporeMOUHTOB, rpaHyjiouH- 
tob h iuia3MaTOUHTOB, a Taxxce c^epyjiomiTOB h xoaryjiouHTOB, ynacTByiomHX b 3amHTHbix peaxunax 
H BbiaBJieHHbix npn HHBa3HH CBepHKa kokuhuhch Adelina grylli. BnepBbie H3yneHO BJiHaHHe mhk- 
pocnopHAH03a, Bbi3biBaeMoro Nosema grylli , Ha Mop(})0(})yHKUHOHajibHbiH cocTaB nonyjiauHH reMO¬ 
UHTOB CBepHKa. IlpH nocTynjieHHH cnop MHxpocnopHUHH b reMOJiHM(f)y b octpoh (f)a3e MHxpocno- 
pnjxH03a noBbimaeTca oTHocuTejibHaa uojia rpaHyjiouHTOB h CHHxaeTca uojia ruia3MaTOUHTOB CBepnxa. 
TeMouHTbi (JjopMHpyiOT UHTonjia3MaTHHecKHe BbipocTbi, cjiHnaiOTCfl Mexcuy co6oh, o6pa3yiOT KJiaMnbi. 
HacTb cnop aure3HpyeT k noBepxHOCTH tcmouhtob h (JjarouHTHpyeTca. B jiHM(J)e noaBJiaiOTca rwraHT- 
CKHe KJieTKH, 3anojiHeHHbie cnopaMH h HanoMHHaiomHe ouHOKJieTOHHbie kcchomm hjih TepaTouwcTbi. 
n P H Hcnojib30BaHHH (J)epMeHTHbix MapxepoB noxa3aHo pe3Koe CHHXceHHe OTHocHTejibHOH uojih (f)e- 
H0JI0KCHAa30n0JI0XHTeJIbHbIX H 3CTepa30n0^0XCHTe^bHbIX KJieTOK reMOJIHM(f)bI CBepHKOB npH OCTpOM 
MHKpocnopnaH03e. IIpeanojiaraeTca yrHeTeHHe MHxpocnopHUHaMH 3amHTHbix chctcm HacexoMbix- 
xo3aeB. flojia reMOUHTOB, uaioiUHX peaKUHio «KHCJiopouHoro B3pbiBa», cymecTBeHHo He H3MeHaeTca 
npH MHKpOCnopHUH03e. 


TeMouHTbi HacexoMbix — reTeporeHHaa nonyuauna kjictok Me30uepMajibHoro nponc- 
xoxcueHHH. Ohh ynacTByiOT b MHoroHHCJieHHbix npoueccax, CBH3aHHbix c )KH3HeueaTejib- 
HOCTbio HacexoMbix: b MeTaMopc})03e, b CHHTe3e paua (})epMeHTOB, b pereHepaunoHHbix h 
3amHTHbix npoueccax. BaxcHenmaa pojib tcmouhtob — ^opMHpoBaHHe 3aiuHTHOH peax- 
UHH opraHH3Ma b otbct Ha BHeupeHHe nyxcepouHbix o6T>exTOB opraHHHecxon h HeopraHH- 
necxoH npupoubi (Ratcliffe, 1985; Lackie, 1988). Y HacexoMbix oTcyTCTByeT cncTeMa 
CHHTe3a h HaKonjieHHH aHTHTen — HMMyHorjio6yjiHHOB, BbipaSaTbiBaeMbix b otbct Ha xoh- 
xpeTHbiH aHTHreH (to, hto noHHMaeTca nou cneunc^HHecxHM HMMyHHTeTOM Bbicumx xch- 
bothhx); b to xce BpeMa y hhx HMeeTca uocTaTOHHo innpoxHH apceHaji cpeucTB HecneuH- 
(J)HHeCXOH 3amHTbI, BXJIIOHaiOmHH peaXUHH XJieTOHHOH H ryMOpaJIbHOH CHCTCM. TeMOUHTbl 
ocymecTBJiaiOT (J)arouHT03, HHxancyjiauHio h o6pa30BaHHe MejiaHHHOBbix rpaHyji Boxpyr 
nyxcepouHbix nacTHU. Ohh xce cexpeTHpyiOT b njia3My reMOJiHM(|)bi 6oJibuiHHCTBO (J)axTopoB 
ryMopajibHoro HMMyHHTeTa (Gupta, 1985; Gotz, Boman, 1985; Glupov, 1996). BnojiHe 
3axoHOMepHO, hto npn ocTpo Texymnx 6ojie3Hax (6axTepH03ax, BHpo3ax, MHX03ax h up.) 
h 3apaxceHHH HacexoMbiMH-3HTOMO(J)araMH perHCTpHpyiOTca 3HaHHTenbHbie H3MeHeHHa b 
M op4)OJiorHH h xanecTBeHHOM cocTaBe tcmouhtob (AHupeeBa, 1974; Ko3jiob h up., 1988; 
Weiser, 1969; Vinson, 1990). 

fljra SojibuiHHCTBa oSuHraTHbix napa3HTOB xapaxTepHbi uae ocHOBHbie 3BouiouHOHHbie tch- 
ueHUHH, no3BOJiaioutHe nouuepxcHBaTb napa3HTo-xo3aHHHbie chctcmbi b coctohhhh UHHaMHnec- 
xoro paBHOBecHa: 1) BbipaSoTxa 3(})(})exTHBHbix MexaHH3MOB npeououeHHa 3amHTHbix peaxunn 
xo3HHHa h 2) coxpaHeHHe oTHocHTeubHo HH3xoro ypoBHa naToreHHOCTH, oSecnenHBaiome- 
ro uocTaTOHHbin una cj)yHxuHOHHpoBaHHa napa3HTa )KH3HeHHbiH noTeHUHau xo3aHHa (Gotz, 
Boman, 1985). 06a HanpaBJieHHa sbojiiouhh hphbouht x chhxcchhio aHTaroHH3Ma napa3H- 
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T0-X03flHHHbIX B3aHM00TH0HieHHH, XOTOpblH nopOH npOHBJI5ieTC5I TOJIbKO Ha nonyjiauHOH- 
hom ypoBHe (UlyjibMaH, flo6poBOJibcxHH, 1977). H3yneHHe 3amHTHbix peaxuHH xo3HHHa 
flaeT BaxcHyio HHC^opMaunio xax ajih aHajiH3a xapaxTepa h flHHaMHXH OTHomeHHH b chctcmc 
napa3HT— xo3hhh, Tax h jxnz BbiHBJieHHH MexaHH3MOB HMMyHHoro OTBeTa. B 6ojibuiHHCTBe 
cjiynaeB 3amHTHbie peaxuHH HacexoMbix H3ynajiHCb b napa3HTo-xo3»HHHbix CHCTeMax, rae 
napa3HTaMH BbicTynann npoxapwoTbi (Ratcliffe, Walters, 1983; Ratcliffe e. a., 1984; Leo¬ 
nard e. a., 1985, h jx p.), nepenoHHaTOxpbuibie h HeMaTOflbi (Gotz, Boman, 1985; Vinson, 
1990). flaHHbie 06 ynacTHH reMouHTOB b 3amHTHbix peaxunax opraHH3Ma npn npoT03003ax 
e^HHHHHbi, c})parMeHTapHbi h xacaiOTca b ochobhom ajjejieHHOBbix kokuh^hh h TpwnaHOCOM 
(Weiser, Beard, 1959; Kaaya e. a., 1986; Nigam e. a., 1997; Sokolova e. a., 1999). Mhk- 

pOCnOpHflHH B 3TOM OTHOLLieHHH npeflCTaBJIHIOT OCo6bIH HHTepeC no pH^y npHHHH. 

1) MHKpocnopH^HH (M) — oOuiHpHafl rpynna oOnwraTHbix napa3HTHHecxHX npoTHC- 
TOB C LLIHpOKHM CneXTpOM X03HCB, BKJIIOHaiOmHM OoJIbHIHHCTBO THnOB XCHBOTHbIX OT npo- 
CTeHllIHX JX O npHMBTOB. OcoOeHHOCTH KJieTOHHOH OpraHH3aUHH H MOJieKyJIHpHOH 6HOJIOrHH 
M roBop^T o apeBHeM npoHCxoxc^eHHH rpynnbi. XLiHTejibHOCTb sbojiiouhh M xa k napa3H- 
tob npHBena x BbipaOoTxe yHHxajibHbix h coBepuieHHbix npncnocoOjieHHH M x BHyTpn- 
xjieTOHHOMy napa3HTH3My. 

2) Bcex MnxpocnopHflHH xapaxTepHa BHyTpHXJieTOHHaa jioxajiH3auHH, xoTopaa 
no3BOJifleT H36e)xaTb j^chctbhh 3amHTHbix MexaHH3MOB reMOJiHMc})bi Ha HanajibHbix 3Tanax 
3apaxceHH«. KoHTaxT c reMo;iHM(})OH nponcxoflHT npw pa3pymeHHH 3apaxceHHbix xneTOX 
h Bbina^eHHH H3 hhx 3pejibix cnop. Jljisi HexoTopbix bhaob M H3 HacexoMbix noxa3aHO 
ynacTHe fcmouhtob b pacnpocTpaHeHHH hhcJjcxuhh no opraHH3My xo3»HHa (David, Weiser, 
1994). OarouHTwpoBaHHbie cnopbi M npe^OTBpamaiOT cjihhhhc ;ih30com c nepBHHHbiMH 
(J)arocoMaMH (David, Weiser, 1994); xpoMe Toro, in vitro noxa3aHo noaaBJieHHe axTHB- 
hocth xhcjioh (J)occ})aTa3bi h npo^yxuHH cynepoxcH^OB h oxcH^a a30Ta (II) b HMMyHOXOM- 
neTeHTHbix xneTxax npn c})arouHT03e cnop M H3 nenoBexa (poa Encephalitozoon ) b ot- 
jiHHHe ot M H3 HacexoMbix ( Vairimorpha plodiae ). Hmciotch Taxxce aaHHbie o noaaBJieHHH 
cJ)arouHT03a cnop M in vitro (Ditrich e. a., 1997) h o cnoco6HocTH M pa3MHO)xaTbCH b 
reMouHTax HacexoMbix (Ko3jiob h ap., 1988; Hcch, jihh. coo6m.). Ha opraHH3MeHHOM 
ypoBHe noxa3aHO noaaBJieHHe M Nosema heliothidis peaxuHH HHcJ)HjibTpauHH 3apaxceH- 
Horo xcnpoBoro Tena reMOUHTaMH npn pa3BHTHH bo B3pocjibix oco6ax cneuH(})HHHoro 
xo3HHHa (Brooks, Cranford, 1978). 

3) fljw MHorwx M, HecMOTpa Ha BbicoxocneuH(})HHHbiH o6nwraTHbiH napa3HTH3M h 
^ jiHTejibHOCTb sbojiiouhh napa3HTO-xo3HHHHbix CHCTeM c hx ynacTHeM, xapaxTepHa Bbico- 
xaa naToreHHOCTb no othohjchhio x cbohm xo3«eBaM, He CBOHCTBeHHaa napa3HTaM-syxa- 
pnoTaM, ho Ha6jiio;iaeMafl npw napa3HTHpoBaHHH BHpycoB. 

Bee H3Jio)xeHHoe HBHjiocb npHHHHOH Harnero HHTepeca x H3yneHHK) bjihhhhh MHxpo- 
cnopHOTH Ha HMMyHHbiH otbct HacexoMbix-xo35ieB. OcHOBHaH uejib HacToamew pa6oTbi — 
H3yneHHe MopcJxxjjyHxuHOHajibHbix H3MeHeHHH b nonyjiHUHH tcmouhtob Gryllus bimacu- 
latus h peajiH3auHH xneTOHHbix 3amHTHbix peaxuHH HacexoMoro-xo3«HHa Ha no3flHHX 
CTaOTHx 3apaxceHHH Nosema grylli MeTOflaMH cbctoboh h snexTpoHHOH MHxpocxonHH h 
thctoxhmhh. OcoOeHHO HHTepecHbiM npe^cTaBJiHeTCH Hcnojib30BaHHe HHXcenepenHCjieH- 
Hbix cJ)epMeHTHbix MapxepoB, xoTopbie paHee He Hcnojib30BajiHCb ajih Hccne^oBaHHH na- 
pa3HT0-X03HHHHbIX OTHOIIieHHH M H HaceXOMbIX. 

OeHOJioxcHfla3a (OO) (cHHOHHMbi: nojiHcJ)eHOJioxcH^a3a, THpo3HHa3a) — Mapxep 
npo(J)eHOJioxcHAa3HOH (npoOO) cncTeMbi, Hipaiomeii cymecTBeHHyio ponb b ycTOHHHBOCTH 
6ecno3BOHOHHbix x naToreHaM; OO o6pa3yeTca H3 npoc}}eHOJioxcHAa3bi b pe3yjibTaTe cepHH 
cfjepMeHTaTHBHbix peaxuHH Tax Ha3biBaeMoro «O0 xacxa^a» (Ashida, Yamazaki, 1990), 
b tom HHCjie b otbct Ha 3apaxceHHe napa3HTaMH. B p*me sxcnepHMeHTOB 6biJio noxa3aHO 
ynacTHe (J)eHOJioxcH^a3 b MexaHH3Me pacno3HaBaHH« «cboh—H y>xoH»; b c})arouHT03e h b 
M excxjieTOHHbix B3aHMO^eHCTBHHx tcmouhtob (Ratcliffe e. a., 1984; Leonard e. a., 1985); 
b MejiaHH3auHH h HHxancyjwuHH nyxcepoflHbix o6i>exTOB (Gotz, Boman, 1985). 

HecneuH(})HHecxHe xap6oxcHJi3CTepa3bi — cJ)epMeHTbi c mwpoxHM cnexTpoM cJ)yHX- 
UHH, CBH3aHHbIX C XaTa60JIH3M0M 3(J)HpOB XCHpHbIX XHCJIOT, Mo6HJIH3aUHCH JIHnHflOB, CHH- 
Te30M XyTHXyJiapHbIX BOCXOB, XOHTpOJieM THTpa ropMOHOB H ap. (Bpoxepxocj), flxceHCeH, 
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1978). 3aujHTHbie (fcyHKUHH Kap6oKCHji3CTepa3 CB«3aHbi c ucTOKCHKauHeii necTHUHUOB 
(Nouman, 1990; CepeOpoB, 1998), a Taxxce c aKTHBauHen 4)eHOJiOKCHua3Horo xacicaua 
(Ashida, Yamazaki, 1990). 

Tpynna (J)epMeHTOB, KaTajiH3HpyioiuHx chhtc 3 aKTHBHpoBaHHbix khcjiopouhmx MeTa- 
Oojihtob (AKM), cjiyxcHT noKa3aTejieM «oKHCJiHTejibHoro B3pbiBa» — HecneuH^HHecKOH 
3amHTHOH peaKUHH, xopouio H3yneHHOH y BblCUIHX n03B0H0HHbIX (MeHbUIHKOBa, 3eHKOB, 
1997; Laporte e. a., 1991). K HacToameMy BpeMeHH y HacexoMbix npaKTHHecKH He H3yneHbi 
hh H3MeHeHHB reHepaunn AKM b reMOUHTax, hh cjjepMeHTaTHBHbie CHCTeMbi, ynacTByio- 
m«e B 06pa30BaHHH nOUOOHbIX COeUHHCHHH B KJieTKaX KpOBH BO BpeMfl HHfJjeKUHOHHOTO 

npouecca hjih npn noBpexcueHHH (rjiynoB, BaxBajiOB, 1998). 


MATEPHAJI H METOUBI 

Hccjie^OBaHHB npoBounjiH Ha jiaOopaTopHOH xyjibType CBepnKOB, couepxcaBineHCfl b 
CTaHAapTHbix ycjioBHBx (KHB3eB, 1985). CBepnKOB II—III B03pacT0B 3apaxcajiH Nosema 
grylli (jiaOopaTopHaa xyjibTypa M H3 xcnpoBoro Tejia CBepnxa) b TeneHHe HeuejiH nyTeM 
BHeceHHB cycneH3HH cnop (10 6 —10 8 cnop/Mji) b noHjiKy (Dolgikh e. a., 1997). KoHTpojieM 
cjiyxcHjiH He3apaxceHHbie CBepnKH. B KanecTBe BToporo (nojioxcHTejibHoro) kohtpojib huhb 
BbIBBJieHHB reMOUHTOB pa3JIHHHbIX THnOB HCn0Jlb30BajlH HaceKOMbIX, CnOHTaHHO 3apaxceH- 
hhx auejienuHOH kokuhuhch Adelina grylli , Taxxce pa3BHBaiomeHCB b xchpobom Tejie. 
HHBa3HB A. grylli CTHMyjiHpyeT Becb KOMnjiexc 3amHTHbix peaxuHH CBepnKOB: yBejiHHeHHe 
HHCJia cboOouho UHpxyjiHpyiomHx reMOUHTOB, MejiaHH3auHio nopaxceHHbix ynacTKOB xch- 
poBoro Tejia h HHKancyjiflUHio napa3HTOB (IlacKepoBa h up., 1998). 

E[pHxcH3HeHHoe HaOjnoueHHe tcmouhtob h KOHTpojib 3apaxceHHB ocyiuecTBJiajiH c no- 
Mombio npocMOTpa xanejib reMOJiHM(J)bi b aHTHKoaryjraHTe (Soderhall, Smith, 1983) hjih 
MB3KOB XCHpOBOrO Tejia B CBeTOBOM MHKpOCKOne OPTON, OCHameHHOM (f)a30BO-KOHTpaCT- 
HOH OnTHKOH. 

DjieKTpOHHO-MHKpOCKOnHHeCKHH aHaJ!H3 reMOUHTOB npOBOUHJIH pyTHHHbIMH MeTOua- 

mh (CoKOJioBa h up., 1994). 

UHTOXHMHHeCKOe BbIBBJieHHe (J)epMeHTOB B reMOUHTax npOBOUHUH B COOTBeTCTBHH c 
MeTOUHKOH, onncaHHOH paHee (ruynoB h up., 1997) UJifl aHauH3a tcmouhtob Galleria 
mellonella h He3HanHTeubHO MOUH(f)HUHpoBaHHOH ujib hoboto oOieKTa. reMOJiHM(|)y co- 
OnpajiH ot Kaxcuoro CBepnKa HHUHBHuyaubHO nyTeM npoxoua noxpoBOB Mexcuy tojiobhoh 
xancyjiOH h TeprnTOM nepeuHerpyun. Jlna nojiyneHHfl tcmouhtob reMOJiHMcfiy (20 — 50 mku) 
coOnpajin b nuacTHKOBbie npoOnpKH (3nneHUopc|)bi), couepxcaiuHe paBHoe kojihhcctbo 
aHTHKoaryjiBHTa. TeMOunMC^y ueHTpH(J)yrHpoBauH npn 500—1000 g 5 mhh. Ocauox, co- 
uepxcamHH reMOUHTbi, uBaxcubi npoMbiBann b aHTHKoaryjiflHTe, a nepeu ncnoub30BaHHeM — 
b 0.1 M c{)occJ)aTHOM 6yc{)epe (OB). CycneH3Hio tcmouhtob HacjianBajiH Ha npeuMeTHoe 
CTeioio h HHKyOnpoBajiH bo BJiaxcHOH xaMepe npn komhbthoh TeMnepaType 15 mhh. .Una 
BbiBBjieHHB OO aKTHBHocTH aure3HpoBaBmHe k cTexjiy reMOUHTbi (fiHKCHpoBajiH 100 %- 
HbiM aueTOHOM, a u jib H3yneHH5i 3CTepa3 — (fcopMajiHH-rjiyTapoBbiM (|)HKcaTopoM (1.5 % 
napac|)opMajibuerHua, 0.25 % rjiyTapajibuernua, 0.1 M OB) b TeneHne 20 mhh. Ilocjie c|)hk- 
CaUHH MOHOCJIOH HHKyOnpOBaJIH 30 MHH B paCTBOpe, COUepxealUeM 4 Mr/MJI dl-UHTHUpO- 
KCH(J)eHHjiajiaHHHa (flOOA) ujib BbiBBJieHHB OO aKTHBHocTH hjih b pacTBope, couepxcameM 
0.5 mt/u CMecH a- h (3-Hac{)THjiaueTaTa h 0.5 mt/mji npoHHoro CHHero RR b 0.1 M OB ujib 

BbIBBJieHHB 3CTepa3HOH aKTHBHOCTH. EipOUyKUHK) BKTHBHblX (|)OpM KHCUOpOUa OUeHHBBJIH 
no BoccTaHOBJieHHK) HHTpo-CHHero TeTpa30JiHB (HCT) uo $opMa3aHa, o6pa3yiomero njiOT- 
hbih ocauoK. CreKjia c mohocjiobmh tcmouhtob HHKyOnpoBajiH 1 h npn TeMnepaType 30° 
b OB c 1.7 mt/mji HCT h 100 mkx/mji JHIC. 3aTeM kuctkh (JiHKCHpoBajiH 4 mhh c|)opMa- 
jiHH-myTapoBbiM c{)HKcaTopoM h npoMbiBann b uHCTHjuiHpoBaHHOH Boue. CTexua c OKpa- 
meHHblMH MOHOCJIOflMH TCMOUHTOB H3yHaJIH B CBeTOBOM MHKpOCKOne: nOUCHHTbIBajIH UOUK) 

OKpameHHbix tcmouhtob ot o6mero hhcjib kuctok b 30 nojiax 3peHHB cbctoboto MHKpo- 
CKona uub xaxcuoH noBTopHocTH. CTaTHCTHHecxyio o6pa6oTKy npoBounun c noMomtio 
OUHO(J)aKTOpHOTO UHCnepCHOHHOTO H KOppeUBUHOHHOrO aHaUH30B. 
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PE3YJIbTATbI 


ripH BCKpbITHH CBepHKOB H3.MH OTMeHCHO, HTO aCHpOBOe TCJIO KOHTpOJIbHbIX HaceKOMbIX 
oSbiHHo HHCToe, nojiynpo3paHHoe, nacTo c He3HaHHTe;ibHbiM hhcjiom mcjikhx onaroB Me- 
JiaHH3aUHH. PeflKO XCHpOBOe TeJIO HMeeT rpfl3HO-KOpHHHCBbIH UBeT. ripH HHBa3HH MHKpO- 
cnopHflHH b SojibuiHHCTBe cjiynaeB acnpoBoe Tejio 6e;ioe, HeMejiaHH3HpoBaHHoe, h tojimco 
Ha no3£HHX 3Tanax 3apaaceHH5i, Korua acnpoBoe Tejio CBepHKa nepenojiHeHO cnopaMH, b 
HeM MoryT HaSjnoaaTbCJi onarn MCJiaHH3auHH. HHBa3H5i kokuhjihh npHBoaHT k hhtchchb- 
hoh MCJiaHH3auHH acnpoBoro Tejia, CTeneHb KOTopon 3aBHCHT ot ypoBHfl 3apaxceHH«. Cjiy- 
HaH, KOraa nOJIOCTHbie CTaflHH pa3BHTH5I KOKUHAHH H3o6HJiyK)T B HHCTOM aCHpOBOM TCJie 
CBepHKOB, eflHHHHHbl. 


CBeTOBaX MHKpOCKOnHB 

IlpHxcH3HeHHoe Ha6jnoaeHHe reMOJiHMcjDbi 3uopoBbix CBepHKOB (HMaro o6ohx nojiOB h 
J 1HHHHOK nOCJieAHerO B03paCTa) B (|)a30B0-K0HTpaCTHbIH MHKpOCKOII BbIJIBHJIO 3 OCHOBHbIX 
THna mieTOK, no KJiaccn^HKauHH fynTbi (Gupta, 1985). FIporeMOUHTbi (FIp) — otho- 
CHTejibHO MejiKne (13—30 mkm) OKpyrjibie kjictkh c KpynHbiMH jiapaMH. FIjia3MaTOUH- 
Tbi (Fiji) — HanOojiee nacTo BCTpenaiomHeca kjictkh oBajibHOH hjih BepeTeHOBHUHOH 
(J)opMbi. 3 th KjieTKH ObicTpo pacmiacTbiBaiOTCfl no noBepXHOCTH npeuMeTHoro CTeKJia, b 
4)a30B0-K0HTpaCTH0M MHKpOCKOne HMeiOT CepblH UBeT. OHH COUepxaT MHOTOHHCJieHHbie 
TeMHbie (nomomaiomHe cbct) h HeMHoroHHCJieHHbie CBeTjibie (cBeTonpejiOMjnnoiUHe) rpa- 
Hyjibi. Pa3Mepw BepeTeHOBHUHbix Fiji: 40—63 x 13—38 mkm. BcTpenaioTCfl h OKpyrjibie 
Fiji 30—35 mkm b unaMeTpe. FIocjieuHHe OTiinnaiOTCH ot FIp HajiHHHeM CBeTjibix rpaHyji 
h HecKonbKo 6ojibuiHM (no cpaBHeHHio c FIp) 5iuepHO-njia3MeHHbiM cooTHomeHHeM. Tpa- 
HyjiouHTbi (rp) y KOHTpojibHbix HaceKOMbix HeMHoroHHCJieHHbi. 3 to OKpyrjibie kjictkh 
20—33 mkm b unaMeTpe c 6ojibuiHM kojihhcctbom npejioMjunoiUHX cbct rpaHyji. Meacay 
KJieTKaMH Bcex nepenHCJieHHbix Bbirne rpynn hmciotcb nepexouHbie c|)opMbi KaK no pa3MepHbiM 
xapaKTepncTHKaM, TaK h no KOJinnecTBy couepacamnxcfl b hhx rpaHyji (pnc. 1, A). 

B ocTpoil c|)a3e MHKpocnopHUH03a, xapaKTepH3yioiueHCB MaccoBoil cnoporoHHeH h 
nocTynjieHHeM cnop b reMOJiHMcJiy, b nepByio onepeub oOpamaeT Ha ce6fl BHHMaHHe yBe- 
jiHHeHHe HHCJia OKpyrjibix kjictok, coaepacaiunx CBeTonpejiOMjnnoiUHe rpaHyjibi, BepoflTHee 
Bcero Tp (pnc. 1, E) h MHoroHHCJieHHbie rpynnbi tcmouhtob, cJiHnniHXCfl Meacay co6oh 
(KJ iaMnbi) (pnc. 1, E, B). YBejiHHHBaeTCH kojihhcctbo CBeTjibix rpaHyji h BepeTeHOBHUHbix 
Fiji (pnc. 1, B). B uejioM uojih BepeTeHOBHUHbix kjictok yMeHbinaeTCfl no cpaBHeHHio c 
KOHTpOJieM. IlpaKTHHeCKH BCe KJICTKH o6pa3yiOT UHTOnJia3MaTHHeCKHe BbipOCTbl (pnc. 1, 
E — -ff). Cnopbi, HaxouHiUHecH b reMOJiHMcJie, npnjinnaiOT k sthm otpoctkbm (pnc. 1, B) h, 
Bepoarao, ^arouHTHpyioTca njia3MaT0UHTaMH, TaK KaK b nojie 3peHH$i nacTo BCTpenaiOTCJi 
OKpyrjibie kjictkh, coaepacamne cnopbi (pnc. 1, B, F). HecKOJibKO peace Ha Ma3Kax reMo- 
jiHM(J)bi BCTpenaiOTCfl OKpyrjibie reMOUHTbi 40—60 mkm b anaMeTpe, Ha6nTbie 3pejibiMH 
cnopaMH. Ohh OKpyaceHbi oSojiohkoh 6—7 mkm tojiluhhoh h BHeuiHe HanoMHHaioT Kce- 
HOMy (pnc. 1, 27, E), c|)opMHpyeMyK) n P H 3apaaceHHH pbi6 MHKpocnopnaHflMH poaa Loma 
(Lom, Pekarrinen, 1999). 


ToHKan Mop$ojiorH5i reMOUHTOB CBepHKa Gryllus bimaculatus 

Ha yjibTpacTpyKTypHOM ypoBHe pa3JiHHH5i Meacuy Fiji h FIp He BbiflBJieHbi. B HopMe sth 
kjictkh HMeiOT THnHHHyio yjibTpacTpyKTypy, onHcaHHyio ujih apyrax HaceKOMbix (Gupta, 
1985). HexoTopbie Fiji coaepacaT sjieKTpoHHomiOTHbie rpaHyjibi, no-BHUHMOMy, cootbct- 
CTByiomHe «TeMHbiM» CBeTononiomaiomHM rpaHyjiaM Ha cbctobom ypoBHe (pnc. 2, A; cm. 
bkji.). ripn HHBa3HH CBepHKa kokuhuhch A. grylli Fiji MHrpnpyiOT b 3apaaceHHbie ynacTKH 
Tejia HaceKOMoro h HH^HJibTpyiOT nopaaceHHyio TKaHb; npn stom c{)opMa Fiji MeHJieTCJi Ha 
aMeSoHUHyio, a Jiapo npHHHMaeT JionacTeBHjmyio cjjopMy (pnc. 2, E). rpaHyjiouHTbi, Bbi- 
HBJiaeMbie b He3apaaceHHbix ocoGhx, hmciot Gojibiuen nacTbio OKpyrjiyio $opMy h aoBOJibHO 
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Phc. 1. IIpH}KH3HeHHoe Ha6jno,aeHHe reMOJiHM^w H3 3,aopoBbix h 3apaaceHHhix MHKpocnopHUHeH 
Nosema grylli CBepHKOB Gryllus bimaculatus b (J)a30B0-K0HTpacTHbiH MHKpocKon. 

A — ocHOBHbie THnti KjieTOK reMOJiHM(J)u 3aopoBhix CBepHKOB; E — o6pa30BaHHe crycTKa (KJiaMna) tcmouhtob b 
reMOJiHM(J)e 6 ojii>hoh MHKpocnopH/iH030M jihhhhkh CBepHKa nocjieaHero B03pacTa, CTpejiKa — UHTOiuia3MaTHHecKHe 
BupocTU reMouHTOB; B — reMouHTU, 3ano;iHeHHue cnopaMH Nosema grylli (KOHeii crpejiKH), o6pa30BajiH KJiaMn, 
TOHKan CTpejiKa — uHToroia3MaTHHecKHe bupoctu; r — reMOUHTU, coaepxamHe cnopu (kohcu CTpejiKH); — 
KpynHue kjictkh reMOJiHM<l>u, 3anojiHeHHue cnopaMH h oKpyxceHHue njioTHbiMH cTeHKaMH, CTpejiKH — pa3puBU 
njioTHUx ctchok; E — HHTaKTHan «UHCTa», CTpejiKa — napo oahoh h3 kjictok, ynacTByiomeH b <J>opMHpoBaHHH 060 - 
jiohkh «uHCTbi»; ep — rpaHyjiouHTbi; m — ruia3MaT0UHTu; np — nporeMomnu; c — cnopu Nosema grylli. 

Fig. 1. The phase microscopy of unstained haemolymph from crickets Gryllus bimaculatus being heal¬ 
thy and infected with Nosema grylli. 


KpynHoe fljjpo. Hx UHTOima3Ma 3anojmeHa MHoroHHCJieHHbiMH 3JieKTpoHHonjiOTHbiMH rpa- 
HyjiaMH, nacTO cojtepxcamHMH KpHCTajuiono;to6Hbie bkjhohchhh (pnc. 2, B ), no Mopcjxxrio- 
THH COOTBeTCTByiOmHe «HrjIOBHflHbIM BKJHOHCHH5IM», OnHCaHHbIM flJIfl 3HOUHTOB Heiliye- 
Kpbuibix (Gupta, 1985). BepoaTHO, b npouecce HHKancyjiHUHH 3th kjictkh nepBbiMH co- 
npHKacaiOTCfl c HyxcepojtHbiM cy6cTpaTOM h BbicBoSoxcjjaiOT cojtepxcHMoe rpaHyji, 
HHHUHHpya MejiaHH3auHio Kopa «y3ejiKa» (pnc. 2, r ). 

YjibTpacTpyKTypHbiH aHajiH3 3apaxceHHbix kokuh^hhmh oco6efi BbiHBHji jjBe cneunajiH- 
3npoBaHHbie c|)opMbi rpaHyjiouHTOB: KoaryjiouHTbi (Ko) h ccfjepyriouHTbi (Cc|)), npHHHMaio- 
mne ynacTHe b HMMyHHOM otbctc Ha 3apaxceHHe kokuhahamh. Ko — kjictkh c pbixjiofi Ma- 
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JlOKOHTpaCTHOH UHTOnJia3MOH, MCJIKHMH SJieKTpOHHOnjIOTHblMH TpaHyjiaMH H KpynHbIM 
aapoM. Ohh (J)opMwpy iot BHyTpeHHHe cjioh MHorocjiOHHOH o6ojtohkh «y3ejiKa» (pwc. 2 ,B,E). 
C({) — KpynHbie kjictkh c mcjikhm, nacTO SKCueHTpHHHO pacnojioxceHHbiM aapoM. Bch uh- 
Tonjia3Ma C({) 3a6«Ta 3JieKTpoHHO-npo3paHHbiMH rpaHyjiaMH. Cc{) BCTpenaiOTCH b6jih3h 
« y3ejiKOB» jih6o nooaHHOHKe, jih6o rpynnaMH (pwc. 2,2?, E). IIpw nepBOM 3JieKTpoHHO-MHK- 
pocKonHHecKOM aHajiH3e npo6 xcHpoBoro Tena CBepnKOB, 3apaxceHHbix M, He Ha6jnoaanocb 
CKonjieHHH reMOUHTOB b6jih3h nopaxceHHoro opraHa. OaHaKO npw H3yneHHH onaroB Mena- 
HH3aUHH B XCHpOBOM TeJie MHKp0Cn0pHaH03HbIX CBepHKOB BbIHBJieHbl Te XCe peaKUHH o6pa- 
30BaHHH «y3ejiKOB» Boxpyr CKonjieHHH cnop napa3HTOB, hto h npw kokuhuho3c. 

PE3YJIbTATbI HCn0JIb30BAHHH OEPMEHTHBIX MAPKEPOB 

AKTHBHOCTb (})eHOJiOKCHaa3bi (3>0) BbiBBJiBJiacb b OKpynibix KJieTKax, no pa3Mepy h (})opMe 
cooTBeTCTByiomHx rpaHyjiouHTaM. ripo^yKT peaKUHH c flOOA paBHOMepHO OKpamHBan 
KJieTKH b TeMHO-KopHHHeBbiH uBeT, JiHuib no nepncJiepHH ocTaBJiflfl 30Hy, OKpameHHyio cjiaGee 



PHC. 3. UHTOXHMHMeCKHe peaKUHH, BbIHBJIHeMbie B MOHOCJIOHX reMOUHTOB, C nOMOlUbK) 4>epMeHT- 

HblX MapKepOB. 

A — CTpejiKa — ruia3MaTouHTU, HMeiomHe nonoxcHTejibHyio 4>eHOJioKCHua3HyK) peaKUHio (peaKUHH c aHOKCH<J>eHH- 
JianaHHHOM); £ — b reMouHTax, coaepxcauiHx cnopu MHKpocnopHUHH, 4>eHOJioKCHHa3HaH aKTHBHocTb He BUpaxceHa; 
B — CTpejiKa — reMouHTbi, HMeiomHe nonoxcHTeJibHyio 3CTepa3Hyio peaKUHio (peaKUHH c Ha<J)THJiaueTaTOM); r — 
crpejiKa — reMouHTbi, b KOTOpux 3a(J)HKCHpoBaHa peaKUHH KHCJiopoaHoro B3pbiBa (peaKUHH c hhtpochhhm Terpa30HHeM). 

Fig. 3. Cytochemical reactions observed in haemocyte monolayers by means of enzyme markers. 


413 



(pHc. 3, A). IlponyxT peaKUHH He BbiflBjnuicfl b KJieTKax, conepacamHx cnopw MHxpocno- 
Photh (pHC. 3, E). IloflCHeT reMouHTOB, naBiuwx noJioxHTejibHyio peaKUHio, h CTaTH- 
CTHnecKaa o6pa6oTKa nojiyneHHbix naHHbix MeTonoM KBaHTHJibHoro aHajiH3a noKa3ajiH 
^ocTOBepHoe CHwaceHwe nojiw noJioacwTejibHbix no OO tcmouhtob npH MHxpocnopwnH03e 
no cpaBHeHHio c o6ohmh xohtpojhimh (oTpwuaTejibHbiM — He3apaaceHHbie CBepnxw h 
nojioacHTejibHbiM — 3apaaceHwe A. grylli). HecMOTpa Ha HHnwBwnyajibHbiw pa36poc, b xaac- 
£OM BapHaHTe (KOHTpOJlb, MHKpOCnopHOT03 H K0KUHflH03) MeflWaHbl Bbl6opKH, COOTBCTCT- 
ByiomHe cpe^HeMy 3HaHeHHio OTHOCHTejibHOw nonw nojioacwTejibHbix no OO reMouHTOB 
xaacnoro CBepnKa, c{)opMHpyiOT ycTOHHHBbie rpynnbi. B KOHTpojie ohh 3aHHMaiOT nHana30H 
ot 40 no 50 %, npH Mwxpocnopwnwo3e — 10—25 h npH xoxuwnwo3e — 70—80 % 
(pHC. 4). 

AKTHBHOCTb Xap6oXCHJI3CTepa3 BblflBJUieTCfl B BH^e TeMHO-KOpHHHeBbIX TOHeX (npO- 
nyxTa peaxuww c HacjmmaueTaTOM), nwc})(})y3HO pacnpeneneHHbix no Been uwTonjia3Me 
reMOUHTOB H npHCyTCTByiOmHX B TOW HJIH HHOH CTeneHH BO Bcex cjDOpMeHHbIX 3JieMeHTaX. 
IlpH 3TOM HHTeHCHBHOCTb OKpaUIHBaHHH pa3HbIX THnOB KJieTOK cymecTBeHHO pa3JIHHaeTCfl. 
Tax, BepeTeHOBH^Hbie njia3MaTOUHTbi h nporeMouHTbi noHTH He oxpameHbi; b xjieTxax 
npncyTCTByeT JiHuib He3HaHHTejibHoe hhcjio rpaHyji nponyxTa peaxuHH. He6oJibiuaa rpynna 
xJieTox oxpameHa HeMHoro HHTeHCHBHee, onHaxo anpo b hhx Taxace pa3JiHHHMO, a rpaHyjibi 
pacnpenejunoTca nwc|)(t)y3Ho. TpeTbfl rpynna XJieTox hhtchchbho oxpauiHBaeTca b xopwn- 
HeBbiH UBeT, rpaHHUbi rpaHyji h anpo xjieTxn Hepa3JiHHHMbi (pnc. 3, B). Kjictxh nocnenHew 
rpynnbi Mbi paccMaTpHBajiH xax oOnanaiomwe nonoacwTejibHow peaxuwew Ha 3CTepa3bi. B 
HopMe nojia nojioxHTejibHO oxpameHHbix tcmouhtob ot o6mero nwcjia XJieTox b none 
3peHH« MHxpocxona BapbHpyeT ot 0 no 80 %, onHaxo Haw6ojiee nacTO BCTpenaiomHeca 
3HaHeHH« (MenHaHbi BbiOopox) neacaT b oOnacTw 40—60 %. 3HaHeHH« nojiew tcmouhtob 
c noJioxHTejibHOH peaxuwew y HacexoMbix, 3apaaceHHbix xoxuhuhjimh, HaxonaTca b 3tom 
Xe nnana30He H COOTBeTCTByiOT MaXCHMaJIbHbIM XOHTpOJIbHbIM 3HaHCHHflM. IlpH Mwxpo- 
cnopHnno3e, HanpoTHB, oTHocHTejibHaa nojia XJieTox c nonoacHTejibHOW peaxunew b 6onb- 
uiHHCTBe cjiynaeB nocTOBepHO Hwace, neM b npyrwx BapnaHTax, h o6mhho He npeBbimaeT 
10—20 % (CoxonoBa, CyHnyxoB, 1999). 

XapaXTepHO, HTO OnbIT no BblflBJieHHIO C|)eHOJIOXCHna3HOH H 3CTepa3HOH aXTHBHOCTH 
reMouHTOB Ha ouhhx h Tex ace oco6ax, 3apaaceHHbix MwxpocnopwnHJiMH h xoxuHnHHMW, 
noxa3an onHOBpeMeHHoe CHwaceHwe uojih oxpameHHbix XJieTox npH MHxpocnopHnwo3e xax 
b pe3yjibTaTe peaxuHH c flOOA, Tax h c Hac|)THJiaueTaTOM. 

AXTHBHOCTb CfiepMCHTOB, XaTaJIH3HpyiOmHX o6pa30BaHHe aXTHBHpOBaHHbIX XHCJIOpon- 
Hbix MeTa6ojiHTOB (AKM). npoayxuHfl AKM c^wxcwpoBaJiacb HaMH no BoccTaHOBJieHHio 



Phc. 4. OeHonoxcHaa3Haa axrHBHOCTb, bwhb- 
jieHHan rwcToxwMHHecxw (peaxuwa c flOOA) b 
mohocjiohx reMouHTOB cBepnxa Gryllus bimacula- 
tus b xoHTpojie (BapwaHTbi 1, 2), npH 3apaaceHHH 
Mwxpocnopwnwefi Nosema grylli (BapwaHTbi 3—5) 
H xoxmiaHefi Adelina grylli (BapwaHTbi 6, 7). 

no OCH aOcuwcc — BapwaHTbi onbiTa; Ha ocw opawHaT — 
OTHOCHTeJIbHaB flOJIfl (fceHOJIOKCH/iaaonOJIOXCHTeJIbHbIX 
reMouHTOB. Pe3yjibTaTbi cTaTHCTHHecKOH o6pa6oTKH 
npeflCTaBjieHbi b BH^e KBaHTHJibHow ^warpaMMbi. Me/w- 
aHa Bbi6opKH jiana c 95 %-hum flOBepwTejibHbiM MHTep- 
BaJIOM. rpaHHUbi 6 OKCOB OnpCflCJIHIOTCH HHXHHM (25 %) 
H BepXHHM (75 %) KBaHTHJICM; rpaHHUbi BCpTHKaJIbHbIX 
JIHHHH — HHXCHHM (10 %) H BCpXHHM (90 %) aeUeHTH- 
jieM (no pe3yjibTaTaM o^Ho^aKTopHoro awcnepcHOHHoro 
aHa;iH3a). 

Fig. 4. The phenoloxidase activity detected by 
hystochemical methods in haemocyte monolayers 
of Gryllus bimaculatus in control (variants 1, 2), 
infected with the microsporidia Nosema grylli (va¬ 
riants 3—5), and coccidia Adelina grylli (variants 
6, 7). 
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HHTpocHHero TeTpa30JiHH (HCT). ripouyxT peaxunn BbiaBjiaeTca b rpaHyjiouHTax b BHue 
MeJIKHX TeMHO-CHHHX TOHeK, BCpOHTHO COOTBCTCTByKDIUHX CKOIUieHHK) MHTOXOHUpHH HJ1H 
nepoKCHCOM (pwc. 3, r). floOaBjieHHe k HHxy6aunoHHOH cpeue 6aKTepHajibHoro jiwnono- 
jincaxapnua (JIFIC) npHBOUHJio k axTHBaunn peaxunn «KHCJiopouHoro B3pbiBa» b BHue 
nOBbimeHHH UOJIH nOJIOXCHTeJlbHO OKpameHHbIX KJieTOK B KOHTpOJie h npw MHKpocnopw- 
UH03e, ouHaxo b KOHTpojie CTeneHb axTHBaunn 6bijia 3HanHTejibHO Bbirne, neM npw mhk- 
pocnopHuno3e (uaHHbie He npHBouaTca). 


OECY2CUEHHE 

MopcfjojiorHH reMOUHTOB y CBepnxa THnHHHa UJia HacexoMbix h THnbi KJieTOK xopouio 
H^eHTHcJjHUHpyiOTCH no KjiaccHcf)HKauHH TynTa (Gupta, 1985). FIpHcyTCTBHe nepexouHbix 
cJjopM Mexmy nporeMOUHTaMH, njia3MaTOUHTaMH h rpaHyjiouHTaMH nouTBepxcuaeT Tax Ha- 
3biBaeMyio «single-cell theory», b cooTBeTCTBHH c xoTopon THnbi reMOUHTOB (bo bchkom 
cjiynae, paua rip — Fiji — rp) npeucTaBjiaiOT co6oh nocjieuoBaTejibHbie 3Tanbi uHcfxfiepeH- 
UHaUHH npOreMOUHTOB (CTBOJIOBbIX KJieTOK). ripH 3TOM KJieTKH, HaXOUaUJHeCa Ha COOT- 
BeTCTByiomeM 3Tane UHc()({)epeHUHpoBKH, BbinojiHfliOT onpeuejieHHbie cjiyHKUHH (Gupta, 
1985). 

BepoHTHO, npH 3apaxceHHH naToreHaMH hjih npn upyrax CTpeccax axTHBHpyiOTCH Me- 
xaHH3Mbi peryjiHUHH uH(|)(|)epeHUHpoBKH nporeMOUHTOB, KOTopbie npHBOuaT k o6pa30Ba- 
hhk) nyjia Tex h/ih hhmx thhob kjictok. Tax, cyaa no HauiHM HaOjnoueHHHM, npH mhk- 
pocnopHUH03e CBepnxa 3aMeTHO yBejiHHHBaeTca uojih rpaHyjiouHTOB h He3HanHTejibHO chh- 
xcaeTca uojia njia3MaTOUHTOB. IlocjieuHee moxcho HCTOJiKOBaTb xax pe3yjibTaT ynacTHH 
cfjarouHTHpyiomHX njia3MaTOUHTOB b 3amHTHbix peaxuHHx (cjinnaHHH, ocaxcueHHH Ha no- 
BepXHOCTH OpraHOB H T. £.), HTO Be^eT K HX SJIHMHHaUHH H3 pyCJia reMOJlHMC|)bI. To, HTO 
OTHOCHTejibHaa uojia njia3MaTOUHTOB yMeHbinaeTca He3HanHTejibHO, bhuhmo, CBHueTejibCT- 
ByeT o tom, hto b H3yneHHbix oco6ax CBepHKOB ypoBeHb pa3pymeHHH 3apaxceHHOH tkbhh 
h nocTynneHHH cnop b reMOJiHMcfiy 6biJi He6ojibuiHM. 

HaMH Taxxce BnepBbie ujiji Orthoptera OTMeneHO HajiHHHe KoaryjiouHTOB, KOTopbie no- 
HBjiHKDTca b reMOJiHMcfje CBepnxa npH axTHBaunn 3apaxceHHeM kokuhuhch A. grylli. Kax 
h yupyrnx HacexoMbix (Gupta, 1985; Gotz, Boman, 1985), xoaryjiouHTbi h rpaHyjiouHTbi 
CBepnxoB ynacTByioT b cjpopMHpoBaHHH xancyjibi Boxpyr naToreHa. 

BbiaBneHHoe HaMH uocroBepHoe yMeHbineHHe nncjia c|)eHOJiOKCHua3onojioxcHTejibHbix 
reMOUHTOB npH MHKpOCnOpHUH03e rOBOpHT 06 yrHeTeHHH OO aKTHBHOCTH B 3THX KJieTKaX, 
xoTopoe MOxceT 6biTb pe3yjibTaTOM HHrH6npoBaHHa HenocpeucTBeHHO OO hjih OO-xac- 
xaua, jih6o cjicuctbhcm axTHBaunn HHrn6HTopoB nocjieuHero b reMOJiHMcjDe. flajibHeiimHe 
HCCJieuoBaHHH noMOiyr BbMBHTb MexaHH3M Ha6jnouaeMoro hbjichhh. H3bcctho, hto Hexo- 
Topbie napa3HTbi HacexoMbix: 3HTOMonaToreHHbie rpn6bi (Hung, Boucias, 1995), cxpe6HH 
(Brennan, Cheng, 1975), TpeMaTOUbi (CyxaneBa h up., 1998), nepenoHHaTOxpbuibie Hae3- 
Uhhkh (Vinson, 1990) nouaBjunoT 3amHTHbie peaxunn xo3aeB nyTeM HHraGHpoBaHHH cf)e- 
HOJioxcHua3HOH aKTHBHOCTH reMOJiHMc|)bi. BepoaTHO, yraeTeHHe OO ecTb pe3yjibTaT auan- 
TauHH MHKpocnopHUHii x napa3HTHpoBaHHio b HacexoMbix (Tax xce, xaK b cjiynae nepe- 
HHCJieHHbix napa3HTOB). K coxcajieHHio, HaM HHnero He H3BecTHO o UHHaMHKe OO 
aKTHBHpOBaHHOCTH reMOJIHM(|)bI UpyTHX HacexoMbix npH MHKp0Cn0pHUH03aX. 

Ouho H3 B03M0xcHbix oOEacHeHnn — CHHXceHHe HHCJia OO- h 3CTepa3onojioxcHTeJib- 
Hbix xjieTox npoHcxouHT BCJieucTBHe o6mero HCTomeHHH opraHH3Ma xo3aHHa, conpoBoxc- 
uaiomeroca H3MeHeHHHMH OejixoBoro h aMHHOKHCJiOTHoro cocTaBa b xjieTxax (Weidner 
e. a., 1999), TeM 6ojiee hto N. grylli napa3HTHpyeT b xchpobom Tejie, xoTopoe HMeeT 
TecHyio Mopc|)oct)yHKUHOHajibHyK) CBH3b c nonyjiHUHeii xjieTox reMOjiHMcjDbi. C upyroii cto- 
poHbi, npn flCH-3JiexTpoct)ope3e He BbiaBjieHO pa3JiHHHii b cocTaBe UHT030JibHbix OejixoB 
reMOUHTOB xoHTpojibHbix h MHxpocnopHUH03Hbix CBepnxoB (ToxapeB, Heony6jiHKOBaHHbie 
uaHHbie). OTcyTCTBHeM cyOcTpaTOB H3-3a o6mero hctoiuchhh xo3aHHa oO^acHaeTca chh- 
XCeHHe OO aKTHBHOCTH y JIHHHHOK KpOBOCOCyiUHX HacexoMbix (KJIOnOB H UByxpblJIblx) 
npn napa3HTHpoBaHHH b hx reMOJiHM^e roMOKceHHbix TpnnaHOCOMaTHu. B otjihhhc ot 
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MHKpocnopHflH03a npn 3tom HapymaeTca MejiaHH3auHa KyTHKyjibi, CHHxcaeTca ypoBeHb 
THpo3HHa h Apyrwx aMHHOKHCJiOT, ynacTByioiunx b npouecce MCJiaHH3auHH (Schaub, 1992). 

AHajiH3Hpya co6cTBeHHbie h JiHTepaTypHbie AaHHbie no bahahhio MHKpocnopHAH03a Ha 
aKTHBHOCTb SCTepOAHTHHCCKHX Cj)epMeHTOB B TKaHAX HaceKOMbIX (KOAbHCBCKafl, KoJlbHeB- 
ckhh, 1988; Ecf)HMeHKO, 1989; CoKOJiOBa, CyHAyKOB, 1999), Mbi npeAnoAaraeM, hto noAaB- 
JieHHe 3CTepa3HOH aKTHBHOCTH X03ACB XapaKTepHO AAA MHKpOCnOpH^HH HaceKOMbIX. He 
HCKJiiOHeHO, hto noAaBAeHHe M OO aKTHBHOCTH nonynauHH reMOUHTOB onocpeAOBaHO 
BjiHHHHeM M Ha 3CTepa3bi reMOAHMcfibi xo3JiHHa, b tom HHCJie Ha 3CTepa3y, aKTHBHpyiomyio 
OO-KacxaA- 

BHyTpHKJieTOHHaH AOKaAH3aUHJI AaeT B03M0XCH0CTb M H36eXCaTb B03AettCTBHfl 3amHT- 
hoh CHCTeMbi reMOJiHMcfjbi BnjiOTb ao CTaAHH MaccoBOH cnoporoHHH, Kor^a npn pa3pyuie- 
hhh nopaxceHHbix kjictok h BbinaACHHH cnop nocAeAHHe MoryT noABepraTbca cf)arouHT03y 
h HHKancyjiauHH reMOUHTaMH. Ha Harnett moacah napa3HTO-xo3AHHHott CHCTeMbi Mbi Ha- 
6jiioAajiH xapaKTepHbie KjieTOHHbie peaxunn Ha npHcyTCTBHe cnop b reMOJiHMcf)e. 3ackt- 
poHorpaMMbi reMOUHTOB HeinyeKpbiJibix npn 3apaxceHHH M Taxxce ueMOHCTpupyiOT KapTH- 
Hbi cf)arouHT03a cnop (CoKOJiOBa, 1990). OTcyrcTBHe peaxunn HHcJ)HJibTpauHH 3apaxceHHott 
TKaHH reMOUHTaMH coBnauaeT c uaHHbiMH Bpyxca h KpsHc^opua (Brooks, Cranford, 1978) 
o nouaBJieHHH M (TV. heliothidis) 3Tott peaxunn bo B3pocjibix oco6ax xo3AHHa. 

y KOKUHAHtt TOJIbKO HaCTb XCH3HCHHOrO UHKJia npOXOAHT BHyTpH KJieTKH. Ko BpeMCHH 
4)opMHpoBaHHH OHara HHBa3HH, couepxcamero oouhctm napa3HTa, nponcxoAHT pacceneHHe 

CTauntt XCH3HeHHOrO UHKJia KOKUHAHtt - Mep030HT0B B XCHpOBOM TeJie. ripH HHCj)HJIbTpa- 

UHH 3penbix onaroB K0KUHAH03a reMOUHTaMH, HHKancynauHH h MejiaHH3auHH oouhct b 
A aHHOM onare, b upyrnx Mecrax nponcxoAHT 3apaxceHne kjictok xcnpoBoro Tena Mepo30- 
HTaMH. 3 to oOycjiOBJiHBaeT xapaKTepHbitt bha MejiaHH3HpoBaHHoro xcnpoBoro Tena kok- 
UHAH03HMX CBepHKOB. 

HaiHH HaOjIIOAeHHH nOATBepXCAaiOT B03M0XCH0CTb BbIXCHBaHHa H pa3MHOXCeHHH M B 
reMOUHTax h AncceMHHauHH hhc^ckuhh no opraHH3My CBepnKa, KaK, no Bcett bhahmocth, 
npoHexoAHT npn MHKpocnopHAH03ax HeinyeKpbiJibix (CoKOJiOBa, 1990). O bo3moxchocth 
pa3MHoxceHH« M b reMOUHTax CBHAeTejibCTByeT to, hto OTAejibHbie kjictkh reMOAHMc|)bi 
nojiHocTbio 3a6HTbi cnopaMH napa3HTa, hto TpyAHO o6T>HCHHTb c|)arouHT030M. Ilpn stom 
reMOUHT (np HJIH Fiji) OKpyxeaeTCH 060 A 0 HK 0 tt, xopouio 3aMeTHOtt B CBeTOBOtt MHKpOCKOn 
(npeunoAOxcHTejibHO cocToamett H3 ynjiomeHHbix tcmouhtob), h npeBpamaeTca b o6pa30- 
BaHHe, noAoOHoe TepaTouncTaM h MerajiouncTaM, B03HHKaioiuHM npn 3apaxceHHH neuiy- 
exphiAbix nepenoHnaTOKpbiAbiMH hah npocTettuiHMH, b tom nncne h MHKpOCnopHAHAMH 
(Weiser, 1969). AHanoraMH tbkhx o6pa30BaHHtt y pbi6 abajhotca kcchomm, o6pa3yeMbie 
M poua Loma , KOTopbie Toxce c{)opMHpyiOTCA npn 3apaxceHHH rpaHyAOUHTapHbix HettTpo- 
$haob (neutrophile granulocyte) (Lom, Pekkarinen, 1999). B «KceHOMonoAo6Hbix» kact- 
Kax CBepnKa He BbiaBAaeTca aKTHBHOCTH OO, hto He no3BOAaeT TpaKTOBaTb sto o6pa30- 
BaHHe KaK THnHHHbltt «y3eAOK». OopMHpOBaHHe HeMeAaHH3HpOBaHHOtt H, CAeAOBaTeAbHO, 
HeTOKCHHHott KancyAbi BOKpyr kactkh, coAepxcamett napa3HTOB, moxcct 6biTb oahhm H3 
MexaHH3MOB H36eraHHA HMMyHHOtt CHCTeMbi X03AHHa. XblA nOHHMaHHfl 3HaneHHA 3THX 
o6pa30BaHHtt TpeSyiOTca AonoAHHTeAbHbie 3M HCCAeAOBaHHA. 

noAyneHHbie AaHHbie o bahhhhh M Ha aKTHBaunio peaKUHH «KHCAopoAHoro B3pbiBa» b 
npHCyTCTBHH Jinc, BepOATHO, CBA3aHbI C nOAaBACHHeM M OO aKTHBHOCTH nonyAAUHH re¬ 
MOUHTOB, nocKOAbKy pAA AKM MOxceT o6pa30BbiBaTbca b pe3yAbTaTe MeAaHoreHe3a (Nappi 
e. a., 1995). OAHaKO HMeioiunxca pe3yAbTaTOB HeAocraTOHHO aaa OKOHnaTeAbHbix bmboaob. 

B03M0XCH0, nOAaBAeHHe 3CTepa3HOtt H OO aKTHBHOCTH nonyAAUHH reMOUHTOB H, KaK 
CAeACTBHe, yraeTeHHe 3aiuHTHbix peaKuntt xo3AHHa, abaactca oahoii H3 npHHHH BbicoKott 
naToreHHOCTH M h CBjnaHO c noBbiineHHott nyBCTBHTeAbHOCTbio 3apaxceHHbix HaceKOMbix 
k He6AaronpHATHbiM cJ)aKTopaM oxpyxcaioiuett cpeAti (Hcch, 1986). 

BAaroAapHOCTH. ABTopbi cepAenHO 6AaroAapaT npoc{)., a. 6. h. HpMy BHKTopoBHy 
Hcch 3a TBopnecKoe o6cyxcAeHHe nqAyneHHbix 3KcnepnMeHTaAbHbix AaHHbix h 3a Tiua- 
TeAbHbltt KpHTHHeCKHtt aH3AH3 pyKOnHCH 3TOtt CTaTbH. 

Pa6oTa noAAepxcaHa POOH 97-04-48383 h Olfll HHTerpauHa N° K-0955. 
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HHCTHTyT CHCTeMaTHKH H 3KOJIOHIH XCHBOTHbIX CO PAH 

MORPHOFUNCTIONAL ANALYSIS OF HAEMOCYTES OF THE CRICKET GRYLLUS 
BIMACULATUS (ORTHOPTERA: GRYLLIDAE) DURING SHARP MICROSPORIDIOSIS 
CAUSED BY NOSEMA GRYLLI (MICROSPORIDIA: NOSEMATIDAE) 

Ju. Ya. Sokolova, Yu. S. Tokarev, Ya. L. Lozinskaya, V. V. Glupov 


SUMMARY 

Key words : microsporidioses, Nosema grylli , Gryllus bimaculatus , haemocytes, defen¬ 
se reactions, phenoloxidase, esterase activities, ROS production. 
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Microsporidians (M) are supposed to be ancient eukaryotic parasites with a broad 
range of animal hosts, being especially abundant in Arthropoda. They are supposed to 
pass a long way of adaptation to parasitism, that usually means inhibiting or avoiding 
host immune reactions alongside with the reduction of pathogenicity. However M, unlike 
other eukaryotic obligate parasites, preserved a high pathogenicity, comparable with one 
of viruses, and thus they could be expected to possess a unique mode of interactions with 
their hosts. The goal of the present work is to assess how M influence the cellular immune 
response of an insect host. 

Experiments were performed on the host-parasite system Gryllus bimaculatus (Orthop- 
tera, Gryllidae) — Nosema grylli (Microsporidia, Nosematidae); coccidia Adelina grylli — 
infected crickets were used to compare the host cellular response against two pathogens. 
Haemocytes (H) were observed using phase contrast and electron microscope. H smears 
were stained for a phenoloxidase (PO), esterase activities and «respiratory burst» reaction. 
Five H type can be distinguished in the cricket haemolymph. (1) Prohaemocytes, relatively 
small (13—30 pm) cells with large nuclei, are observed both in control and infected insects. 
(2) Plasmatocytes, round (30—35 pm in diameter) or fusiod (40—63 x 13—38 pm) cells, 
can hardly be distinguished from (1) ultrastructurally; during the coccidian infection of the 
cricket fat body these H infiltrate the infected organ and turn into amebocytes with laciniate 
nuclei, they usually contain electron dense granules, that release during the formation of a 
capsule around the coccidian oocytes. (3) Granulocytes (Gr, 20—33 pm in diameter) are 
cells with the extremely refractive cytoplasm when observed in phase contrast microscope, 
they contain vacuoles with typical crystal needle-like inclusions. The transitional forms be¬ 
tween the mentioned above three cell types can be observed. The next two H types also ob¬ 
served on H monolayers are supposed to be the specialized forms of Gr: (4) coagulocytes, 
cells with the fragile cytoplasm that are easily disintegrated after a contact with a pathogen; 
they have been described in Orthoptera for the first time now; (5) shperulocytes, giant cells 
filled with electron lucid granules and small, often eccentrically located nucleus. Both H 
types were observed only after infection with A. gryllus in the vicinity of encapsulated 
oocysts. Infection with M does not cause such intensive concentration of haemocytes near 
the infected organ, or so abundant nodule formation, until the acute stage of the disease when 
M spores are liberated from the destroyed cells and contact the insect haemolymph. There¬ 
after, the number of granulocytes significantly increases. In the presence of M spores, ha¬ 
emocytes produce long cytoplasm protrusions and form clapms. Some spores adhere to the 
haemocyte surface and are phagocytized. Giant round cells loaded with spores, can be ob¬ 
served in the host lymph. They are surrounded by a sheath composed of flattened cells and 
resemble xenomas, described for fish microsporidiosis. 

A. grylli caused the increase in the quote of PO-positively stained cells up to 80 % 
from 40—50 % in control, that well corresponds to the host immune reactions activation 
and melanization of infected tissue, while microsporidiosis significantly reduced quote of 
PO cells. Carboxyl esterase activity expressed as quote of positively stained cells was 
40—60 % in naive and coccidia-parasitized samples, M decrease this number to 10—20 %. 
«Respiratory burst» reaction, detected by reducing of NBT, did not alter significantly in 
microsporidia-infected insects. From the presented data in can be concluded: 1) M do not 
suppress such cellular reactions as a clamp formation and phagocytosis of spores, liberated 
from the infected tissue; 2) at the same time they suppress activities of enzymes involved 
in immune response. 

Supported by CFP «INTEGRACIA» N K-0955 and RFBR N 97-04-43383. 
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Bfoieu/ca k cm. CoKonoeou fO. SI. u dp. 



Phc. 2. yjibTpacTpyicrypa tcmouhtob Gryllus bimaculatus npu 3apaaceHHH KOKiumnen Adelina grylli. 

a — cpea nepea reMOUHibi THna ruia3MaTOUHTOB hjih nporeMouHTOB, crpeJiKH — OKpyrmie rpaHy/ibi yMepennoH 
3/ieKTpoHHOH tuiothocth; 6 — ruia3MaTOUHTbi b6jih3h 3apaxeHHbix ynaCTKOB XHpoBoro Tejia cBepHKa; e — b no;ie 
3peHM« rpaHynoiiHT h Koary/iouHT, To;iCTaH CTpeJiKa — HrnoBuaHbie BionoHeHHH b a/ieKTpoHHO-npoapaHHbie cexpe- 
TopHbie rpaHyJibi rpaHyflouHTa, TOHKan CTpe^Ka — mcjikhc 3JieKTpoHHoruioTHbie rpanyjibi b UHTon;ia3Me KOaryJlouHTa; 
^ — rpaHyjiouHT b6/ih3h ywacTKa xcnpoBoro Tejia, cojiepxcamero MaKporaMOHTbi h oouhctu kokuh^hh; d — cpe3 nepea 
ynacTOK xnpoBoro Te/ia CBepHKa, co^epxcamHH oouhctu kokuhjihh, KpyriHbie kjictkh c mcjikhm 5mpoM — c<f)epyjio- 
UHTbi; e — KOHueHTpHwecKHe c;ioh H3 reMOUHTOB pa3JiH4Hbix TnnoB o6pa3yiOT *y3e/io*> BOKpyr oouhct h cnopouwcT 
kokuhahh; oo — oouhctu kokuh^hh; c(p — c(J)epy;iouHTU. 

OcTajibHbie o6o3HaweHHH, xax Ha pnc. 1. YBe-T. a — 8000x; 6—e — 6000x; d — 3000x; e — 2000x. 


Fig. 2. Ultrastructure of haemocytes from Grilius bimaculatus infected with Adelina grylli. 


